10 



15 



DPP:jab 3/26/04 EXPRESS MAIL LABEL NO. EV339205309US 

Atty. Ref. No. 450-68241 
Date of Deposit: March 26, 2004 

-1- 

FRONT-AXLE SPRING PIVOT SUSPENSION AND STEERING APPARATUS 

Related Application Data 
This application claims the benefit of U.S. provisional patent application No. 
60/461,472, filed April 8, 2003, entitled, "FRONT-AXLE SPRING PIVOT AND 
STEERING APPARATUS AND METHOD", by James W. Larson, Marlin Toews 
and Bruce Mabbett, and the benefit of U.S. provisional patent application No. 
60/477,627, filed June 10, 2003, entitled, "FRONT- AXLE SPRING PIVOT AND 
STEERING APPARATUS AND METHOD", by James W. Larson, Marlin Toews, 
and Bruce Mabbett, which are hereby incorporated by reference. 

Technical Field 

The disclosure relates to suspensions for front axles of vehicles having leaf 
springs with a pivot coupling to the suspended axle and to steering mechanisms for 
steerable wheels of front axles. 



Background 

A number of front axle suspensions are known in which a leaf spring is 
pivotally coupled to a suspended axle. Examples include leaf spring suspension 
shown in U.S. Patent Nos. 3,204,977; 3,602,523; 1,416,797; and 2,624,593. In 

20 addition, a number of hydraulic power steering systems exist for steerable wheels of 
vehicles. U.S. Patent No. 3,826,328 shows an example using plural steering gears. 
These steering gears may each be coupled by a pitman arm to a drag link and then to a 
steering arm which is connected to a spindle assembly or knuckle of a steerable wheel. 
In this example, one or more master or controlling steering gears are disclosed with 

25 one or more controlled steering gears. 

Although these mechanisms exist, there is a need for improved vehicle front 
axle suspensions and steering mechanisms. 
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Summary 

In accordance with certain embodiments, a vehicle suspension is provided for 
each end portion of a vehicle axle. Each said suspension desirably comprises a leaf 
spring having a central portion pivotally coupled to the axle and leaf spring forward 
5 and rearward end portions coupled to a frame rail to thereby suspend the axle end 

portion from the frame rail. First and second control rods have respective end portions 
pivotally coupled to the axle for pivoting about respective pivots located below the 
leaf spring pivot. Desirably, one of the control rods is pivotal about a pivot which is 
above a wheel axis about which a wheel rotatably supported by the axle end portion 

10 rotates. The other control rod desirably has an end portion coupled to the axle for 

pivoting about a pivot which is below the wheel axis. Alternatively, and although less 
desirable, these pivots may both be located above the wheel axis and below the leaf 
spring pivot. Opposite ends of the control rods are pivotally coupled to the associated 
frame rail and may be pivotally supported by a bracket projecting downwardly from 

15 the frame rail. 

In an embodiment comprising tandem axles, intermediate brackets may project 
downwardly from the respective frame rails at locations between the forward and 
rearward axles of the tandem axles. These intermediate brackets may each support a 
tie member or suspension equalizer having a forward tie member end portion linked to 

20 the rear end portion of a front leaf spring and rearward tie member end portion linked 
to a forward end portion of a rear leaf spring. The rearward end portions of the rear 
leaf springs may be coupled to respective downwardly projecting rear bracket. 

Unique coupling brackets may be utilized to pivotally couple central portions 
of the respective leaf springs to the associated axle end portions. 

25 A steering mechanism desirably comprises first and second steering gears 

mounted to a first frame rail and driven by a mechanical coupling to steer the steerable 
wheels of tandem axles which are linked by steering linkage to the respective steering 
gears. The mechanical coupling desirably is a T-miter box having an input coupled to 
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a steering wheel. The first and second steering gears are desirably mounted to the 
outboard side surface of the frame rail at a position no lower than the lower edge of 
the frame rail The steering gears may be mounted to respective mounting brackets of 
the suspension with the mounting brackets being mounted to the frame rail. The first 
and second steering gears may control respective controlled steering gears carried by a 
second frame rail opposite to the first frame rail and steeringly connected by linkage to 
wheels at the side of the vehicle where the third and fourth steering gears are located. 
The first frame rail is desirably at the driver's side of the vehicle. 

The present invention is directed toward novel and non-obvious features of the 
disclosure set forth herein by alone and in various combinations and subcombinations 
with one another. The invention is not limited to any specific embodiment described 
herein or to a specific combination or combinations of features except as set forth in 
the claims below. 

Description of the Drawings 

Fig. 1 is a perspective view of a tandem front axle pair suspended in 
accordance with one embodiment of a suspension and with each of the wheels being 
steerable by an exemplary embodiment of a steering mechanism. 

Fig. 2 is a side elevational view of the embodiment of Fig. 1 with portions of 
the steering mechanism removed for clarity. 

Fig. 3 is a side elevational view of the embodiment of Fig. 1 with the entire 
steering system removed for purposes of clarity. 

Fig. 3 A is a side elevational view of an alternative embodiment to that shown 
in Fig. 3. 

Fig. 4 is a perspective view of an exemplary bracket for use in pivotally 
coupling a leaf spring to an axle. 

Fig. 4 A is a perspective view of an alternative embodiment of the bracket of 

Fig. 4. 
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Figs. 5 and 6 illustrate perspective views of embodiments of members for use 
in pivotally coupling a leaf spring to a pivot pin inserted into a pin receiving bore of 
the bracket embodiment of Fig. 4 (or Fig. 4A). 

Fig. 7 illustrates a side elevational view of the suspension of Fig. 3 A in various 
5 positions to which the suspension may shift during operation of the vehicle. 

Fig. 8 illustrates a portion of an embodiment of a steering mechanism utilizing 
a single mechanical coupling, in this example a miter box, for controlling steering 
gears mounted to a frame rail and also illustrating the coupling of a steering wheel to 
the miter box. 

10 Fig. 9 illustrates selected components of the embodiment of Fig. 8 in greater 

detail. 

Fig. 10 is a perspective view of an embodiment similar to that shown in Fig. 1 
and illustrating certain steering components of the embodiment in solid lines and other 
components of the vehicle and suspension system in dashed lines. 
15 Fig. 1 1 is similar to Fig. 10 looking from the opposite side of the vehicle from 

- that shown in Fig. 10. 

Fig. 12 illustrates certain components of the steering system of Fig. 10 in 
greater detail and also illustrates the cooperative relationship between the illustrated 
steering components and suspension components, the latter being shown in dashed 
20 lines. 

Fig. 13 is an end view of a portion of the vehicle shown in Fig. 12. 
Figs. 14, 14A and 14B illustrate respective side, top and opposite side views of 
the steering and suspension mechanism with the wheels shown in one steered position. 

25 Detailed Description 



The description proceeds with reference several illustrative embodiments. The 
invention is not limited to these specific embodiments. The invention is directed 
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toward all novel and non-obvious combinations of elements and method acts described 
herein both alone and in subcombinations and combinations with one another. 

With reference to Figs. 1, 2 and 3, a tandem axle steering and suspension 
system 10 is illustrated, although Fig. 3 is shown without the steering portion of the 
5 mechanism. Fig. 3 A illustrates an alternative embodiment to that shown in Fig. 3. 
Components in Fig. 3 A that correspond to similar components in Fig. 3 have been 
assigned the same numbers and will not be separately discussed. First and second 
parallel spaced apart frame rails 12,14 are shown with a bumper 16 supported at the 
forward ends of the frame rails. 

10 With reference to Fig. 3, a front transversely extending axle 18 is shown 

together with a rear transversely extending axle 20. Axles 18 and 20 are a tandem pair 
of steerable axles located at the front of a vehicle. A space 22 is provided between 
frame rails 12,14 (Fig. 1) to accommodate an engine positioned therein. 

With reference to Fig. 3, a suspension for the tandem axles 18,20 is shown at 

15 the driver's side (American-style vehicles) of the vehicle. A like construction may be 
used at the passenger side of the vehicle. In Fig. 3, a leaf spring 24, which may be 
comprised of one or more leaves, is supported at a first end portion 26 by a bracket 28 
projecting downwardly from the frame rail 14. A central portion 30 of the leaf spring 
24 is clamped by a clamping mechanism 32, which may comprise U-bolts or other 

20 clamps, and coupled to the axle 18. More specifically, a pivot mechanism 36 defines a 
transverse pivot 40 to pivotally couple the leaf spring assembly to the axle to permit 
pivoting of the spring about the axis of pivot 40. Mechanism 36 in one form 
comprises a pivot pin bore defining member coupled to the axle and a clamping 
member coupled to the spring with the pivot pin pivotally coupling the clamping 

25 member to the bore defining member to thereby pivotally couple the spring to the axle 
for pivoting about the axis of the pivot 40. 

In one specific illustrated embodiment, pivot bore defining member comprises 
a bracket 70 (Fig. 4) comprising an axle overlaying portion such as a plate 83 having a 
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lower surface adapted for overlying the upper surface of an axle. A pivot pin 
receiving bore defining member 84 is mounted to the upper surface of plate 83 and 
defines an internal bore 85 aligned with the pivot 40 when bracket 70 is mounted in 
place. The illustrated bracket further comprises first and second upright bracket side 
5 members which may be of an angular shape and which are designated as 86 and 87 in 
Fig. 4. The plate 83 extends between the upper edges of side members 86,87. 

A shock absorbing supporting shelf 88 is mounted to the outer side member 
86. Shelf 88 supports the lower end of a shock absorber 89 (Fig. 3). The upper end of 
the shock absorber is mounted by a bracket 90 to the exterior side surface of frame rail 

10 14. With reference again to Fig. 4, bolt receiving flange members, such as an inverted 
U-shaped member 93 and upper members 94, are included in bracket 70. Fasteners, 
such as U-bolts (one being indicated at 95 in Fig. 3) wrap around the axle 18 and 
extend through respective openings in the members 86,87 for use in bolting bracket 70 
to the axle with plate 83 overlaying the upper surface of the axle. The bracket 70 may 

15 be welded to the axle in addition to or instead of using fasteners such as U-bolts. 

The illustrated form of mechanism 36 also includes an upper portion 42 (see 
Fig. 5) and one or more lower portions 44 (see Fig. 6) which in the form shown are 
clamped together and to the respective leaf spring and axle so as to define the pivot 
axis 40. The upper portion 42 comprises a body having a base 96 comprising an upper 

20 surface 97 and lower surface 98. Base 96 may be of a plate-like configuration. First 
and second spaced apart partial bore defining projections 100 extend or project 
downwardly from the undersurface 98 of base 96. Each member 100 has a mounting 
portion 101 from which downwardly projecting leg portions 102,103 project. The 
portions 101,102 and 103 define a section 104 of a pivot receiving bore which may be, 

25 for example, one hundred and eighty degrees of the bore. A respective lower portion 
44 is associated with each of the members 100. The illustrated lower portion 44 
comprises a body 105 defining respective leg engaging shelves 106,107. A portion of 
a pivot pin receiving bore 108 is defined between the shelves 106,107. When 
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assembled, the leg 102 of portion 42 abuts one of the shelves 106,107 and the leg 103 
abuts the other shelf. The partial bore defining members 104,108 together define a 
pivot pin receiving bore section with the combination of member 44 and member 42 
defining two such spaced apart bore sections. These members are positioned relative 
5 to bracket 70 such that bore defining member 84 is positioned between the bore 

sections defined by members 42 and 44. These components are tied together when a 
pin is inserted through the bore portions defined by member 42 and member 44 and by 
member 84. That is, in this example, the member 44 is coupled to a pin for pivoting 
about axis 40 relative to the bracket 70 and thus relative to the axle. 

10 With reference to Fig. 1, the clamping mechanism 32 shown in this figure 

comprises an upper clamping member 109, which may comprise a plate which is 
bolted or otherwise fastened to member 42 with the leaf spring 24 clamped between 
member 42 and member 109. Consequently, with this construction, the leaf spring 
also pivots about pivot 40 relative to the axle. 

1 5 An alternative form of bracket 70 is indicated at 70 A in Fig. 4 A. 

Corresponding elements in Fig. 4A have been assigned the same number as those set 
forth in Fig. 4 and for this reason will not be discussed further. In both Fig. 4 and Fig. 
4A, the illustrated plate 83 is of a generally I-shaped configuration with indented sides 
to accommodate the positioning of members 44 in place. 

20 The rear end portion 46 (Fig. 3) of leaf spring 24 is pivotally coupled to an 

upper end portion of a link 48. The lower end portion of link 48 is pivoted to a 
forward end portion of a tie piece 50. The tie piece 50 is pivoted at an intermediate 
location 52 to a downwardly projecting bracket 56. The bracket 56 is mounted to 
frame rail 12 and extends downwardly from the frame rail. The rear end portion of tie 

25 50 is pivoted to the lower end portion of a link 58. The forward end portion of a 

second leaf spring 60 is pivoted to the upper end portion of link 58. The rear portion 
of leaf spring 60 is coupled at 62 to a bracket 64 which projects downwardly from 
frame rail 14. A central portion of the leaf spring assembly 60 (indicated at 66), is 
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clamped to the axle 20 with a pivot 68 being positioned between the leaf spring and 
axle. The components for clamping and pivoting leaf spring 60 to axle 20 may be the 
same as the components for pivoting leaf spring 24 to axle 1 8 and for this reason will 
not be described in detail. Alternatively, these brackets may take different 
5 configurations although desirably they perform the same functions. Desirably, an axle 
mounted bracket defines a pivot receiving bore with bore sections defined by members 
42,44 being positioned on either side of the bracket defined pivot receiving bore with a 
pivot pin holding these components together. 

Upper and lower parallel control rods 80,82 pivotally couple the axle 18 to the 

10 bracket 28. In this embodiment, the control rods 80,82 are pivoted to bracket 28 for 
pivoting about respective spaced apart pivots. Control rod 80 is pivotally coupled to 
axle 18 at a pivot location below the leaf spring pivot or pivot axis 40 and at a location 
which is also above the axis of axle 18, that is, the wheel axis about which carried by 
axle 18 pivots. Control rod 82 is pivotally coupled to the axle 18 at a pivot location 

15 below the pivot axis 40. Although this pivot location for control rod 82 may be above 
the wheel axis, this is less desirable than an embodiment where this pivot location is 
below the wheel axis such as shown in Fig. 3. The positions of rods 80,82 may be 
shifted from those shown in Fig. 3. However, it is desirable that the rear end of 
control rod 80 be pivoted to the axle at a location below the pivot 40. Desirably, the 

20 pivots for control rods 80,82 define a parallelogram or nearly a parallelogram. Also, 
the pivots for control rod 80 are desirably in a line parallel to a line containing the 
pivots of control rod 82. The suspensions for the other end portions of the axles in the 
tandem axle arrangement each desirably have a set of two control rods and a similarly 
arranged set of four control rod pivots. 

25 One form of bracket 70 (Fig. 4) also is useful for pivotally coupling an end 

portion of control rod 80 to axle 18 as is shown in Fig. 1. That is, mounting flanges 94 
(Fig. 4) provide mounting points for supporting a transversely extending pin for 
pivoting the associated end portion of control rod 80 to bracket 70 and thus for 
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pivotally coupling the rod 80 to the axle. In the same manner, mounting flanges 93 
provide mounting points for supporting a transversely extending pin for pivoting the 
associated end portion of control rod 82 to bracket 70 and thus for pivotally coupling 
the rod 82 to the axle. In this disclosure, the term "couple" comprises direct 
connection and indirect connection through one or more other components. Again, 
variations of this bracket 70 are suitable. Fig. 4A illustrates an alternative version. 
Similar control rods 90,92 extend from bracket 56 to the axle 20. Fig. 7 illustrates 
various positions to which the suspension may shift during operation of the vehicle. 

Although shown for a tandem steering axle configuration with the rear axle 
being driven, the suspension may be used for a single axle whether driven or not as 
well as for a tandem axle whether driven or not. 

The steering mechanism is best understood with reference to Figs. 8-14, 14A 
and 14B. 

In Fig. 8, a steering wheel is schematically represented by the number 120 and 
is shown coupled by shaft sections 122,124 to a T-miter box 126 having first and 
second output shafts 128,130. Shaft 128 is shown coupled by a universal joint to an 
output stub shaft 129 (Fig. 9) of the miter box and comprises a second universal joint 
coupled to a steering gear 136. Output 130 may comprise a stub shaft output 131 (Fig. 
9) of miter box 126 coupled by plural universal joints to a second steering gear 140. 
T-miter boxes are conventional. For example, an example of a commercially available 
T-miter box is miter box Model 7548544 from R.H. Sheppard Company, Inc. of 
Hanover, Pennsylvania. In a miter box, the rotational input from a drive shaft is split 
into two outputs. For example, a drive shaft rotates to rotate an input gear which 
meshes with two output gears to produce the rotary outputs. The outputs of miter box 
126 may rotate through the same angle in the appropriate directions to steer the wheels 
of the front and rear axles together (see Fig. 14). Thus, for example, when viewed 
from the front, turning the steering wheel in one direction causes the outputs 129,131 
and 128,130 to rotate in a first direction (such as clockwise). If viewed from the rear, 
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in this example, output 130 would appear to rotate counterclockwise. Also, one 
rotation of the input 124 may cause one rotation of outputs 128,130. A bracket 132 
supports the T-miter box from the exterior surface of frame rail 12. 

A first steering gear 136 is coupled to and controlled in response to an output 
5 shaft or output 128. A second steering gear 140 is coupled to and controlled in 
response to output 130. Steering gear 136 is used in controlling the steering of the 
front axle of the tandem axle pair. Steering gear 136 may also control a slave or 
hydraulically controlled steering gear 136' to provide power assist to the steering at the 
opposite end of the same axle that supports wheels steered by the operation of gear 

10 136. The controlled steering gear 136' may alternatively and less desirably be 

positioned to provide power assist to the steering of the wheels at the opposite end of 
axle 20 from steering gear 140. A hydraulically controlled steering gear 140', which 
may be controlled by the operation of gear 140, provides power assist to the steering 
of an associated wheel at the opposite side of the vehicle from steering gear 140. 

15 Steering gear 140 is used in controlling the steering of the rear axle of the tandem axle 
pair. Linkage such as tie rods link the wheels at opposite sides of the vehicle so that 
they are steered together. Steering gears 136,136' may be controlled by a first 
hydraulic circuit and steering gears 140,140' (steering gear 140 'being, for example, at 
the opposite end of the axle that supports wheels steered by the gear 140 or less 

20 desirably at the opposite end of the axle that supports the wheels steered by the 
steering gear 136) may desirably be controlled by a second hydraulic circuit. 

Steering gears 136,140 are desirably mounted to the outboard surface of frame 
rail 12. Therefore, the steering gears do not interfere with the engine receiving space 
between the frame rails. Also, steering gears 136,140 are desirably positioned at or 

25 above the lower edge of the frame rail 12 so that they do not interfere with the ground 
clearance of the vehicle. Steering gears 136', 140' are desirably mounted in the same 
manner to the outboard surface of frame rail 14. 



DPP:jab 3/19/04 EXPRESS MAIL LABEL NO. EV339205309US 

Atty. Ref.No. 450-68241 

-11- 

Thus, a single mechanical coupling is used to control and coordinate the timing 
of two separate steering gears. In addition to steering gear 136, the so-called 
"controlled" steering gear 136' is shown in Fig. 10 positioned at the passenger side of 
the vehicle. As previously mentioned, gear 136' is mounted to the outer exterior side 
5 surface of frame rail 14. The position of steering gear 136 controls the position of 
steering gear 136'. A single hydraulic circuit may contain both steering gear 136 and 
steering gear 136'. 

A steering gear 140', which may be controlled by the position of steering gear 
140, is located at the passenger side of the vehicle and desirably, as explained above, 

10 is mounted to the outboard side surface of frame rail 14. A second hydraulic circuit 
may be used for gears 140 and 140 r . Thus, two separate hydraulic circuits may be 
used in this configuration, resulting in efficiencies in supplying hydraulic fluid to the 
steering gears 136, 136' and the steering gears 140,140' as each is supplied by their 
own hydraulic circuit. Note: A common supply may be used for hydraulic fluid to 

1 5 each of these circuits. 

Fig. 9 shows another view of linkage that may be used in the Fig. 8 
embodiment. 

Figs. 10 and 1 1 illustrate other exemplary steering components. Since these 
components are generally similar to one another, they will only be described in 

20 connection with the front left wheel 150 of Fig. 10. Specifically, a pitman arm 152 is 
driven by steering gear 136. A lower end portion 154 of the pitman arm is pivoted to a 
one end of a draglink 156. The opposite end of the draglink 156 is pivoted at 158 to a 
steering arm 160, which is rigidly connected to a knuckle on the axle 18. The pitman 
arm to drag link to steering arm to knuckle steering configuration is common. Figs. 12 

25 and 13 illustrate additional details of this construction. The similar components 

associated with steering gear 140 are indicated in Fig. 10 by the numbers 152 ',154', 
156',158' and 160'. The number 152" indicates the pitman associated with gear 136', 
the number 156" indicates the associated drag link, and the number 160" indicates the 
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associated steering arm. The respective numbers 152"', 156"' and 160"' indicate the 
pitman arm, the drag link, and the steering arm associated with steering gear 140. 

Figs. 14, 14A and 14B illustrate respective side, top and side views of an 
embodiment of the steering and suspension mechanism with the wheels shown in one 
5 steered position. 

In this description, the words include and including have the same meaning as 
comprise and comprising. In addition, the term "a" includes one or more. Thus, if 
two components are present, "a" component is also present. 

Having illustrated and described the principles of our invention with reference 
10 to several embodiments, it should be apparent to those of ordinary skill in the art that 
these embodiments may be modified in arrangement and detail without departing from 
the inventive principles set forth in this disclosure. We claim as our invention all such 
modifications as fall within the scope and spirit of the following claims. 



